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A  study  was  made  of  the  effect  of  MnO  in  a  wide  range  on 
the  viscosity  of  natural  and  semisynthetic  slags  of  the 
Kremikovtsi  Metallurgical  Combine  with  basicity  given.  In 
slags  with  basicity  of  I.32  there  is  an  increase  in  the  vis¬ 
cosity  with  an  increase  in  MnO  content  to  5>  10  and  15  per¬ 
cent,  and  there  are  no  significant  differences  between  given 
curves.  There  is  almost  no  change  in  viscosity  at  20  percent 
MnO,  while  there  is  a  significant  decline  at  25  and  30  percent. 
With  an  increase  in  MnO  content  with  basicity  1.00,  a  certain 
analogy  with  the  data  for  basicity  1.3?  is  observed.  An  in¬ 
crease  in  viscosity  is  observed  only  at  5  and  10  percent  MnO, 
while  at  15,  20,  25  and  30  percent  the  MnO  shows  a  strict 
pattern  of  thinning  action.  \ The  thinning  effect  of  MnO  in 
varying  quantities  Is  most  strongly  pronounced  at  the  lowest 
basicity  0.70.  A  strict  pattern  of  viscosity  decrease  is 
found  with  an  increase  in  Mny  content.  Viscosity  &lso  declines 
with  a  decrease  in  basicity  /from  1.3?  to  1.00. 
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Effect  of  MnO 


In  the  production  of  cast  Iron  from  Kreaikov-tal  Iron  ore  the  slag  is 
characterized  by  increased  BaO  and  MnO  content.  In  our  country  (l)  a  de¬ 
tailed  study  has  been  made  of  the  effeot  of  BaO  on  the  viscosity  of 
Krealkovtsl  slag.  The  present  study  determined  the  effeot  of  MnO  (1.5-30 
percent)  on  the  viscosity  of  natural  slag  whose  chemical  composition  Is 
given  In  Table  1. 

Up  until  now  publications  have  devoted  comparatively  little  space  to 
determination  of  the  effect  of  MnO  on  the  viscosity  of  blast-furnace  slags. 
8.  K.  Trekalo  (2)  made  a  detailed  study  of  the  effect  of  MnO  on  the  vis¬ 
cosity  of  blast-furnace  slags  with  basicity  CaO/SJ.02-0.96-1.88  and  0.16- 

23.55  percent  MnO.  The  author  established  that  the  addition  of  20-23  per¬ 
cent  MnO  considerably  widens  the  temperature  range  in  which  the  slags  re¬ 
main  fluid  enough.  This  holds  true  especially  for  slags  with  a  higher 
basicity.  Fbr  these  it  can  be  seen  that  there  ie  a  sharp  decrease  in  vis¬ 
cosity  with  the  addition  of  2-3  percent  MnO,  while  the  thinning  action  of 
MnO  declines  to  a  certain  extent  as  further  additions  are  made. 

M.  Ya.  Ostroukhov  (3)  studied  the  effect  of  MnO  (2.15-11.09)  on  the 
vlsooelty  of  four  groups  of  blast-furnace  slags  with  a  basicity  of  0.59- 
0.94.  For  the  first  group  with  a  basicity  of  0.93  and  19.62  percent  A120^, 

vlsooelty  at  1350°  C  declines  from  21.2  to  13*5  poises  with  the  addition  of 
8.75  percent  MnO.  For  the  second  group  with  a  basicity  of  0.59,  viscosity 
declines  from  72,0  to  24.8  poises  with  the  addition  of  9.66  percent  MnO, 
23.95  polsee  with  4,28  percent  MnO.  For  the  third  group  of  elags  with  a 
basicity  of  0.82,  viscosity  declines  from  32.0  to  14.5  poises  with  the  ad¬ 
dition  of  11.09  percent  MnO,  19.36  poises  with  4,29  percent  MnO.  For  the 
last  group  with  a  basicity  of  0.94  and  13.77  percent  AI2O3,  viscosity  at 
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the  sane  temperature  declines  from  10.8  to  7.8  poises  with  the  addition  of 
2.15  percent  MnO. 

According  to  F.  Hartmann  (4),  there  is  an  almost  continuous  decline 
in  visooslty  with  an  Increase  In  the  MnO  content  of  blast-furnace  slags  to 
25  percent,  while  after  this  quantity  a  certain  increase  la  observed. 

I.  P.  Semik  (5)  studied  the  visooslty  of  blast-furnace  slags  and  es¬ 
tablished  that  MnO  thins  acid  slags  more  than  basic  slags. 

I.  D.  Balon  (6)  studied  the  effect  of  FeO  and  MnO  on  the  visooslty 
and  start  of  crystallization  of  early  blast-furnace  slags.  Owing  to  the 
insufficient  number  of  experimental  data  the  author  draws  conclusions 
which  are  at  variance  with  most  studies  in  this  field.  The  author  believes 
that  with  an  Increase  in  the  quantity  of  MnO  there  is  a  rise  in  the  tempera¬ 
ture  at  which  crystallisation  begins  and  a  slight  drop  in  viscosity. 

I.  P.  Bardin  at  al,  (7)  determined  the  effect  of  FeO  and  MnO  on  the 
mineralogical  composition  and  viscosity  primarily  of  synthetic  blast¬ 
furnace  slags.  Four  groups  of  slags  with  a  basicity  of  B-0.80,  1.00,  1.26 
and  I.50  were  used  for  the  study.  A  rather  significant  drop  in  viscosity 
ooaurs  with  the  addition  of  over  5  percent  KnO.  With  a  further  increase  in 
MnO  (to  20  percent),  viscosity  changes,  though  not  according  to  a  strict 
pattern,  with  a  tendency  towards  a  decline. 

A.  M.  Chernyshev  (8)  studied  the  effect  of  MnO  and  FeO  on  early 
blast-furnace  slag3. 

N«  L,  Zhilo  and  L.  M.  Tsylev  (9)  studied  the  visooslty  of  natural 
early,  Intermediate  and  final  slags  in  the  production  of  blast-furnace  ferro¬ 
manganese.  The  viscosity  of  the  final  slags  in  ferromanganese  production  is 
0.5-3* 5  poises  at  a  temperature  above  1300°  C  and  the  higher  tl.:  MnO  content 
and  the  lower  the  CaO/SiOg  ratio,  the  lower  the  viscosity  and  the  crystal¬ 
lization  temperature.  The  lowest  viscosity  is  found  in  slag  with  15-16 
percent  MnO  and  Ca0/S102  ratio  of  no  more  than  1.3. 

3h.  M.  Mikas hv ill  et  al.  (7.0)  studied  the  viscosity  and  mineralogical 
composition  of  the  synthetic  ternary  system  MnO-SiOg-A^Oj.  The  most  fluid 

slagB  are  obtained  with  an  average  Si02  oontent  of  2,0-35  percent,  MnO  50-75 

percent  and  A^O-j  0-25  percent.  The  lowest  viscosity  is  obtained  with  20 

percent  AlgO^,  55  percent  MnO,  25  percent  SIO2  and  low  temperatures.  Of  the 

ternary  diagram  the  most  fluid  slag  at  high  temperatures  has  65  percent  MnO, 
30  percent  S102  and  5  percent  AlgO^. 

A.  V.  Rudneva  et  al.  (ll)  studied  the  viscosity  of  four-oouponent  syn¬ 
thetic  slag  (KgO-CaQ-AlgO^-SlOg)  with  the  addition  of  0-40  percent  MnO  (with 

AI2O3C2  5  percent,  K2O-6-I8  percent,  Ca0/S10g“0. 5-1*16).  Manganous  oxide 
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reduces  the  viscosity  and  crystallisation  temperature  only  within  certain 
limits  for  slags  with  a  basicity  of  0.5-0.89  for  up  to  20  percent  MnO  and 
0.84-1.16  for  up  to  10  percent  MnO. 

F.  P.  Glasser  (12)  has  Bade  one  of  the  moat  detailed  studies  of  the 
ternary  system  Ca0-Mn0-S102,  Uu  the  article  does  not  go  into  the  question 
of  its  viscosity. 

It  can  b .eon  from  this  survey  of  the  literature  that  there  are 
certain  contru4  •  tions  in  the  results  obtained,  which  •  re  due  to  deficiencies 
in  research  met  _-ds,  for  example  unsuitable  viscosimeters,  inaccuracies  in 
temperature  determination,  small  number  of  experimental  data,  simultaneous 
fluctuations  in  the  content  of  several  components,  utc. 

Our  studies  were  performed  on  natural  blast-furnace  slag  of  melts 
No.  4333  (M  1302),  serial  No.  22  (Table  l),  of  which  three  semi synthetic  se¬ 
ries  are  composed.  The  first  samples  have  the  designations  M  1302,  M  1002 
and  M  0702  (the  letter  M  signifies  that  they  contain  MnO,  the  first  two 
digits  denote  basicity  multiplied  by  ten,  and  the  last  two  digits  the  per¬ 
centage  content  of  MnO). 

The  studies  were  performed  at  three  different  basicities  —  CaO/SiO,,- 

1.32,  1.00  and  0.70,  with  the  MnO  content  increasing  to  30  percent.  The  ad¬ 
dition  of  A02  to  the  natural  slag  (No.  4333)  with  a  basicity  of  1.32  gave 

the  other  two  series  with  basicity  of  1.00  and  0.70. 

Viscosity  was  determined  by  a  vie  cosine  ter  with  damped  oscillations 
of  the  spindle  (13). 

Figures  1  and  2  show  the  effect  of  MnO  on  the  viscosity  of  slags  with 
a  basicity  of  B-Ca0/Si02-1.32.  It  can  be  seen  from  Figure  1  that  with  an 

Increase  In  MnO  to  5,  10  and  15  percent  no  appreciable  difference  ocours  in 
the  viscosity  of  the  slag  between  1550  and  1450°  C.  Below  this  temperature 
range  the  slags  become  more  viscous.  At  1425°  C  Initial  sample  No.  22  has 
3.7  poises,  and  derivatives  thereof  (No.  23,  24  and  25)  about  6.5-7  poises, 
while  at  l400°  C  they  have  about  4  and  14  poises  respectively.  The  n-t 
curves  for  5,  10  and  15  percent  MnO  almost  converge,  from  which  it  follows 
that  the  thickening  effect  is  the  same  for  the  three  different  MnO  contents 
and  &»CaO/S102-1.32.  The  addition  of  20  percent  MnO  gives  elsg  whose  X}  -t 
dependence  almost  coincides  with  initial  sample  No.  22,  which  has  2  percent 
MnO.  With  an  increase  in  MnO  to  25  percent,  viscosity  declines  appreciably 
at  all  temperatures  and  the  slag  becomes  longer,  ha.  in*  «,  viscosity  of  7.5 
poises  at  1300°  C.  The  slag  with  30  percent  MnO  is  even  more  fluid  and  has 
a  viscosity  of  4.7  poises  at  the  same  temperature. 

It  can  be  seen  from  Figure  2  that  at  high  temperatures  (1550"1500°  C) 
the  addition  of  5“30  percent  MnO  has  almost  no  effect  on  the  viscosity  of  the 
slag  with  a  high  basicity  (B-l.32).  At  temperatures  below  1425°  C  the  slags 


thicken  with  the  addition  of  5  percent  MnO,  and  with  a  further  increase  in 
MnO  the  viscosity  remains  the  same  or  declines,  a  second  maximum  being  ob¬ 
served  at  20  percent  MnO.  After  this  maximum  the  slags  are  markedly 
thinned  at  25  and  30  percent  MnO  and  remain  quite  fluid  at  a  temperature  be¬ 
low  1300°  C. 

Figures  3  and  4  show  the  effect  of  MnO  on  the  viscosity  of  seal  syn¬ 
thetic  blast-furnace  Blags  with  B-1.00.  From  Figure  3  it  can  be  seen  that 
the  slags  become  sore  viscous  with  an  increase  in  MnO  to  5  or  10  percent, 

*  but  sanple  No.  31  is  more  fluid  than  slag  No.  29  below  1300°  C.  An  in¬ 
crease  in  the  MnO  content  to  15  percent  does  not  change  the  viscosity  be¬ 
tween  I55O  and  1350°  C,  but  belo*  1350°  C  slag  No.  32  is  more  fluid.  Vis¬ 
cosity  declines  at  all  temperatures  with  a  rise  in  MnO  to  25  percent,  and 
at  12 50°  C  it  is  only  9  poises.  A  30  percent  MnO  content  gives  the  moat 
fluid  slag  with  the  lowest  viscosity  —  0.8  poise  at  1550°  C,  and  it 
reaches  4.9  poises  at  12 5O0  C.  It  can  be  seen  from  Figure  4  that  at  high 
temperatures  ( 1550-1 500°  c)  the  addition  of  5~30  percent  MnO  has  almost  no 
significant  effect  on  visoosity.  At  temperatures  below  14 50°  C  a  maximum 
Is  obtained  with  5  percent  MnO,  after  which  viscosity  declines  with  a  rise 
in  MnO,  It  is  lowest  at  30  peroent  MnO. 

Figures  5  and  6  show  the  effect  of  MnO  on  the  viscosity  of  semisyn- 
thetic  blast-furnace  slags  with  a  basicity  of  0.70.  It  oan  be  seen  from 
Figure  5  that  with  an  Increase  in  MnJ  to  5  percent,  viscosity  declines 
above  1450°  C  and  rises  below  this  temperature.  A  very  strict  pattern  of 
increase  in  the  fluidity  of  the  slag  is  observed  with  a  further  increase  in 
MnO  to  30  percent.  Its  thinning  action  is  observed  at  all  temperatures,  be¬ 
ing  most  clearly  pronounced  at  temperatures  below  1425°  C.  Figure  6  shows 
that  the  slogs  become  more  fluid  with  an  increase  in  the  amount  of  MnO  to  30 
percent.  A  certain  increase  in  viscosity  with  cn  increase  in  MnO  to  5  per¬ 
cent  is  observed  only  at  temperatures  between  1400  and  1375°  C.  At  tempera¬ 
tures  below  1400°  C  it  can  be  seen  that  the  thinning  action  of  MnO  is  more 
clearly  pronounced  with  an  increase  in  the  quantity  thereof.  The  studies 
at  the  three  different  basloitlee  ehow  that  viscosity  also  declines  with  a 
decrease  in  basicity  from  I.32  to  1.00  and  rises  again  with  a  basicity  of 
0.70.  The  increase  in  viscosity  in  the  case  of  the  basic  and  neutral  slags 
with  the  addition  of  10-1 5  percent  MnO  is  also  due  to  the  rise  in  the  total 
basicity  of  the  slags.  The  thinning  effect  of  MnO  nay  be  due  to  a  decrease 
in  the  sice  of  the  silicon -oxygen  anions  as  a  result  of  the  dissociation  of 
manganous  oxide  and  the  surrender  of  its  oxygen  to  them.  Thit,  may  explain 
the  stronger  thinning  effect  of  MnO  in  the  case  of  more  acid  slags  where  the 
anionic  complexes  Are  larger.  MnO  lowers  the  crystallisation  temperature  of 
the  elago  as  a  result  of  the  introduction  of  a  "weak"  Mn2+  oation.  This 
being  the  cane,  the  slags  be 00 me  more  fluid.  The  simultaneous  motion  of 
MnO  on  the  rupture  of  the  silicon-oxygen  anions  and  the  lowering  of  the 
crystallisation  temperature  of  the  slags  may  explain  its  stronger  thinning 
action  at  lower  temperatures, 
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Effect  of  BaO  and  MnO 


World  metallurgical  practice  haa  not  heretofore  been  Impelled  by 
practical  reasons  to  study  the  simultaneous  effect  of  BaO  and  MnO  on  the 
viscosity  and  other  physioochamical  properties  of  slag  systsma.  This 
question  has  arisen  for  the  first  time  in  our  country  due  to  the  necessity 
of  finding  optimal  technological  conditions  for  the  use  of  Krenikovtsl  ore. 

A  study  was  made  of  the  combined  effect  of  BaO  and  MnO  on  the  vis¬ 
cosity  of  natural  and  seaiaynthetlc  blast-furnace  slags  of  the  Kreaikovtsl 
MK  /Metallurgical  Combine/. 

For  this  purpose  we  used  slags  of  melt  No.  4333  (of  the  first  blast 
furnace),  No.  1522  and  1526  (of  the  second  blast  furnace),  to  which  BaO  was 
added  so  as  to  bring  it  up  by  steps  of  two  percentage  points  to  16  percent, 
and  MnO  so  ns  to  bring  it  up  by  steps  of  two  percentage  points  to  23  percent. 
Due  to  a  lack  of  a  sufficient  quantity  of  slag  in  the  last  saaple  the  added 
oxides  reached  14  and  21  percent. 

The  slags  are  designated,  for  axaaple  BM  1421  —  the  BM  denoting  that 
they  contain  barium  and  manganese  simultaneously,  the  first  two  digits 
giving  the  quantity  of  BaO,  the  second  two  digits  the  quantity  of  MnO. 

In  order  to  study  the  effect  of  BaO  and  MnO  in  the  projected  quantity 
of  14  and  21  percent  with  three  different  basicities,  the  necessary  quantity 
of  SiOo  was  added  to  Initial  malts  No.  4333  and  3522.  The  compositions  of 
the  natural  and  semisynthetic  slags  and  their  basicity  are  shown  in  Table  2. 

Figure  7  shows  viscosity  as  a  function  of  the  temperature  of  natural 
slag  No.  4333  with  basicity  1.32  and  of  the  semisynthetic  slags  obtained  by 
simultaneously  increasing  the  BaO  and  MnO  by  steps  of  two  percentage  points 
from  2.03  and  2.30  respectively  to  14  and  21  percent.  It  can  be  seen  from 
the  figure  that  the  semisynthetic  slags  become  more  viscous  and  shorter  by 
increasing  the  BaO  and  MnO  content.  The  only  exceptions  are  samples  No. 

42  and  43  (BM  1017  and  Bra  1219),  which  are  more  fluid  at  1500  and  1475°  C. 
Slag  No.  45  (BM  1623)  la  extraordinarily  thick  and  its  vlsooeity  cannot  be 
determined  at  all  at  a  temperature  below  15000  C. 

Figure  8  plots  the  viscosity  of  natural  slag  No.  1522  with  basicity 
0.94  and  the  semieynthetic  slags  obtained  therefrom  by  the  addition  of  BaO 
and  MnO.  It  la  observed  that  there  is  a  alight  increase  in  viscosity  with 
an  increase  In  BaO  to  4  and  6  percent  and  with  an  MnO  content  of  11  and  13 
percent  respectively,  but  the  slags  become  a  hit  longer.  With  a  further  in¬ 
crease  in  BaO  to  16  percent  and  MnO  to  23  percent  (slag  No.  55),  a  drop  in 
viscosity  is  observed.  Samples  No.  51*  52  and  53  are  narked  by  lower  vis¬ 
cosity  at  low  temperatures  (1225-1175°  C).  Slag  samples  No.  a**4  55  be¬ 
come  shorter  and  have  a  viscosity  of  over  52  poises  at  a  temperature  of 
1225°  C.  With  a  decline  in  basicity  vo  0.70  and  with  14  percent  BaO  and 
21  percent  MnO  (No.  5?)  the  slags,  on  the  whole,  raise  their  visooslty 
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about  twofold  up  to  1350°  as  ooaparod  with  tha  Initial  slags  (No.  48),  after 
which  the  thickening  effect  is  weaker. 

Figure  9  plots  the  viscosity  of  slags  No.  1526  (eaaple  No.  58)  with 
basicity  1.03  and  seaisynthetio  slags  with  increased  BaO  and  NiO  oontent. 
With  an  Increase  in  BaO  to  8  percent  and  MnO  to  15  percent*  a  certain  thin¬ 
ning  effect  is  observed  (in  the  oase  of  No.  6l  there  in  a  certain  thickening 
at  a  temperature  below  1275°  c).  With  a  further  increase  in  the  BaO  oontent 
to  10*  12  and  14  percent  and  MnO  to  17,  19  and  21  percent  respectively,  an 
increase  in  visoosity  is  observed,  which  is  more  dearly  pronounced  at  tem¬ 
peratures  below  1400®  C.  The  slags  beoone  shorter  and  their  vieoosity  oec- 
not  be  determined  below  1300°  C.  Viscosity  increases  most  sharply  in  the 
case  of  slag  No.  64  below  1400°  C,  rising  to  46.0  poisea  at  1350°  C. 

Figure  10  plots  the  visoosity  of  synthetic  slags  obtained  fro®  nelt 
No.  4333  containing  14  percent  BaO  and  21  percent  MnO  with  a  basicity  o' 
1.32,  1.00  and  0.70.  It  can  be  seen  that  slag  No.  44  with  basloity  of  1*32 
ia  the  most  viscous  and  shortest,  while  No.  46  is  the  most  fluid  at  a  tea* 
perature  above  1300°  C  (there  ia  a  sharp  increase  in  visooeity  below  this 
temperature) .  Slag  No.  46  has  the  ®ost  suitable  vieoosity  for  the  blast 
furnace.  Sample  No.  47  with  basicity  of  0.70  has  the  character  of  long 
slag.  It  has  a  viscosity  of  over  5  poises  at  all  temperatures.  At  a  tem¬ 
perature  below  12 50°  C  it  is  viscous,  but  its  visoosity  can  still  be 
measured. 


Figure  11  plots  tha  -t  dependence  of  eynthetio  slags  with  the  same 
BaO  and  IbO  oontent  (14  and  21  percent)  as  in  sample  No.  1522.  A  certain 
increase  in  viscosity  and  shortening  of  the  slag  is  observed  with  an  in¬ 
crease  in  basicity.  Evan  greater  thickening  is  observed  with  a  decline  in 
basicity  to  0.?0,  and  the  slag  beoones  long. 

Figures  12,  13  and  14  plot  the  isotherms  for  a  BaO/MnO  ratio  of  O.35- 
0.7f  for  slags  No.  4333,  1522  and  1526.  It  can  be  seen  that  the  curves  In 
Figure  12  for  slag  with  a  basicity  of  I.32  have  minimum  visooeity  for  a 
BaO/MnO  ratio  of  0. 62-0. 63,  but  up  to  1400°  C  the  minimum  visoosity  is 
about  18  poises. 

The  isotherms  in  Figure  13  for  slag  No.  1522  have  a  minimum  given  the 
same  B&O/MnO  ratio,  but  their  visoosity  at  1400°  C  is  about  3  poises.  The 
Isotherms  in  Figure  14  have  a  minimum  given  a  BaO/MnO  ratio  of  05,3,  while 
their  vieoosity  at  1400°  C  is  also  about  3  poisea.  And  the  three  slags  dis¬ 
play  a  sharp  increase  in  visoosity  after  the  minimum. 

The  study  of  the  effect  of  BaO  and  MnO  on  the  visoosity  of  the  three 
different  slags  Indicates  that  it  is  quite  specific,  but  the  thickening  ef¬ 
fect  Is  exhibited  especially  in  the  basic  slags.  This  may  be  due  to  an  in¬ 
crease  in  the  basicity  of  the  slag,  which  is  high  anyway. 
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Conclusion 


1.  A  study  mm  Mde  of  ths  effect  of  MnO  in  a  vide  range  (2-30  per¬ 
cent)  on  the  viscosity  of  natural  and  a  eat  synthetic  slags  of  the  Kresikovtal 
Metallurgical  Combine  with  basicity  B-Ga0/Si02-1.32*  1.00  and  0.70. 

2.  In  slags  vith  basicity  of  1.32  there  is  an  increase  in  the  vis¬ 
cosity  Kith  an  increase  in  MnO  content  to  5,  10  and  15  percent,  and  there 
are  no  significant  differences  between  the  -t  curves.  There  is  alnoat  no 
change  In  viscosity  at  20  percent  MnO,  while  there  is  a  significant  decline 
at  25  and  30  percent. 

3.  With  an  increase  in  MnO  content  vith  basicity  1.00,  a  certain 
analogy  with  the  data  for  basicity  1.32  is  observed.  An  increase  in  vieooai- 
ty  is  observed  only  at  5  and  10  percent  MnO,  while  at  15,  20,  25  and  30 
percent  the  MnO  shows  a  strict  pattern  of  thinning  action. 

4.  The  thinning  effect  of  MnO  in  varying  quantities  la  most  strongly 
pronounced  at  the  lowest  basicity  0.?0.  A  strict  pattern  of  viscosity  de¬ 
crease  ie  found  with  an  Increase  in  MnO  content, 

5«  Viscosity  also  declines  with  a  decrease  in  basicity  from  1.32  to 
1.00,  but  rises  again  at  basicity  0.70, 

6.  The  simultaneously  effect  of  BaO  and  MnO  on  the  viscosity  of 
natural  slags  and  semisynthetic  blast-furnace  slags  obtained  from  the  natural 
slags  was  studied. 

7.  Blast-furnace  slag  with  increased  basicity  (1.32)  from  melt  No. 
4333  significantly  increases  its  viscosity  below  1500°  C  with  an  increase 
in  the  BaO  and  MnO  content.  Such  slags  become  shorter  and  thicker. 

8.  for  blast-furnace  slag  (melt  No.  15*2  with  basicity  0.94)  and  the 
aemlsynthetlc  slags  obtained  therefrom,  the  >7  -t  curves  form  a  sheaf  up  to 
1325°  C.  Only  slag  with  10  percent  BaO  and  17  percent  MnO  has  a  higher 
viscosity  up  to  1250°  C,  but  at  lower  temperatures  it  is  no  different  from 
the  viscosity  of  the  rest  of  the  samples <> 

9.  There  is  no  substantial  change  in  vlsoosity  with  an  increase  in 
the  BaO  and  MnO  content  of  natural  slag  No.  1526  with  basicity  1.03  to  8 
percent  BaO  and  15  percent  MnO.  With  an  increase  in  BaO  to  10,  12  and  14 
percent  and  MnO  to  17,  19  and  21  percent  respectively,  the  slags  up  to 
1425°  C  have  the  sane  viscosity  as  the  slags  with  a  lower  content  of  these 
oxides,  but  there  is  a  sharp  increase  in  viscosity  under  this  temperature 
and  they  become  short. 

10,  Minimum  viscosity  is  obtained  according  to  the  composition  and 
basicity  of  the  blast-furnace  slags  at  different  BaO  and  MnO  ratios.  The 
slag  with  basicity  1.32  (No. 4333)  at  1400°  C  has  a  vlsoosity  about  15  to  20 
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times  higher  than  the  other  tiro  slags  (1522  and  1526).  It  ie  characteristic 
that  at  different  temperatures  minimum  viscosity  is  obtained  at  the  very 
sane  BaO  and  MnO  ratio  for  the  Individual  series. 
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